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expressed on the surface of the B cell in association with class I or n MHC molecules, thus inducing T cell activity and generating a 
protective immune response. 
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Description 

PEPTIDE VACCINES 
AND METHODS RELATING THERETO 

5 

Technical Field 

This invention relates generally to peptide vaccines incorporating a 
confonnationally constrained reverse-turn mimetic capable of binding to a B cell, and a T 
cell stimulatory peptide covalently joined to the confonnationally constrained reverse- 
1 0 turn mimetic by a deavable linker. 

Background of the Invention 

An effective vaccine is capable of generating a long-lasting immunity 
while being relatively harmless to the recipient. Attenuated organisms and purified 

1 5 antigens from organisms have traditionally been used as vaccines. However, such agents 
often produce deleterious side effects or fail to protect against subsequent challenges. 
Because of the inherent difficulties in growing pathogenic organisms and producing 
effective vaccines therefrom, many viral, bacterial and parasitic diseases have no 
corresponding vaccine. More recently, a new strategy of vaccine preparation has been 

20 explored. Specifically, short peptides, corresponding to regions of immunogenic 
epitopes of proteins derived from pathogens, have been used as vaccines in animal 
models. Such peptide vaccines offer several advantages over more traditional vaccines, 
including simplified preparation, increased safety and a directed immune response to a 
particular portion (Le., an antigenic determinant) of a pathogen. 

25 A major difficulty with the use of a peptide as a vaccine is that, in order 

to provoke a protective antibody response, the peptide must assume the same 
conformational shape as the antigenic determinant of the native pathogenic protein. The 
shape of the antigenic determinant is dictated by the primary amino acid sequence of the 
protein in the immediate region of the antigenic determinant, as well as by the amino acid 

30 sequence of regions close in three-dimensional space (although not necessarily close in 
linear space). While there may be some flexibility to the shape of the antigenic 
determinate, flexibility is limited. Short peptides are generally disordered structures and 
few, if any, antibodies raised to a disordered structure are likely to bind the 
corresponding antigenic determinant of the pathogen's native peptide sequence. Indeed, 

35 many anti-peptide antibodies do not bind native protein (see, e.g., Leonetti et al., £ 
ImmunoL 145:4214-4221, 1990; Henrickson et al., Vaccine 9:243-249, 1991; Spangler, 
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J, Immunol. 146:1591-1595, 1991). Such a pattern of response is not universal, 
however, and some anti-peptide antibodies do bind to the native protein, although often 
with low affinity and low titres (i.e., only a small percentage of the antibodies are made 
against the proper shape) (see, e.g.. Conlan et al., Mol. Microbiol. 3:311-318,1989; 
5 Palker et al., J. Immunol. 142:3612-3619, 1989; Su and Caldwell, J. Exp. Med 
175:227-235, 1992). The above results have often been referred to as the "disorder- 
order paradox", and models proposed to explain this paradox predict that peptides 
"shaped" into the particular three-dimensional structure of an antigenic determinant 
should increase the effectiveness of a peptide vaccine. 
10 Various approaches have been followed in an attempt to shape peptides 

to mimic the native conformation of an antigenic determinant. For example, longer 
peptides, dimer peptides with an introduced bend, and cyclic peptides have all been 
tested with varying degrees of success. In particular, residues 140 to 146 in the 
hemagglutinin of influenza virus forms a loop in the native molecule and is one of the 

15 major antigenic sites. Immunization with this loop region, cyclized by a disulfide bridge, 
elicited antibodies that only weakly cross-reacted with influenza virus (Schulze-Gahmen 
aL, Eur. J. Biochem. 152:283-289, 1986). In contrast, immunization with a peptide 
derived from the same loop region, but cyclized by an amide bond, successfully elicited 
protective antibodies in some animals (Muller et al., Vaccine 8:308-314, 1990). While 

20 such results are promising, they nevertheless illustrate that cyclic peptides were not 
entirely accurate conformational representations of the native protein structure. Rather, 
peptides cyclized with disulfide bridges or amide linkages are still relatively flexible and, 
although they possess a smaller subset of conformations than linear peptides, do not 
necessarily assume the native conformation of the antigenic site. 

25 More recent attempts to shape peptides have focused on a principal 

antigenic determinant of the AIDS virus - that is, the third hypervariable domain (known 
as the M V3 loop") of the viral gpl20 envelope glycoprotein of human immunodeficiency 
virus type 1 ("HIV-1 H ). While this determinant is believed to assume a beta-turn 
configuration, cyclized decapeptides from this region (i.e., decapeptides synthesized and 

30 then cyclized with an amide closure) were found to assume a beta-turn less than half the 
time (see. Tolman et al., Int. J. Peptide Protein Res. 41 :455-466 T 1993). 

Other studies have similarly recognized the potential benefits of using 
peptides with introduced conformation as vaccines (see, e.g.. Sia et aL, PCT Application 
No. PCT/CA/00146, published November 15, 1990 as WO 90/13564; Satterthwait et 

35 al., Vaccine 6:99, 1988; Leonetti et al., X Immunol. 145:4214, 1990; Kaumaya et al., L 
Biol Chem. 267:6338. 1992). However, these studies also illustrate a major limitation to 
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existing techniques. Specifically, constraints introduced into peptides do not necessarily 
yield molecules having the ability to assume the native conformation of the 
corresponding antigenic determinant. 

A further difficulty with the use of peptides as vaccines is that, in most 
5 instances, peptides alone are not good immunogens. It is a well known phenomenon 
that most immune responses to peptide antigens are T cell-dependent. Accordingly, 
"carrier" molecules have been attached to peptide antigens that bind, for example, to B 
cell surface immunoglobulin in order to generate a high affinity, IgG response. In other 
words, nonresponsiveness to peptide antigens may sometimes be overcome by attaching 
10 another peptide that induces helper T cell activity (see, e.g.. Francis et al., Nature 
330:168-170, 1987; Good et al., Science 235:1059-1062, 1987). 

In general, peptides which induce helper T cell activity are generated by 
B cells from enzymatic digestion of native proteins internalized by way of an antibody 
receptor. These T cell stimulating peptides are then presented on the surface of the B 
15 cell in association with class II major histocompatibility complex (MHC) molecules. In a 
similar fashion, peptides which induce cytotoxic T cell activity may be generated by 
accessory cells, including B cells. These peptides are presented on the cell surface of 
accessory cells in association with class I MHC molecules. As used herein, the term "T 
cell stimulatory peptide" means any peptide which activates or stimulates T cells, " 
20 including (but not limited to) helper T cells and/or cytotoxic T cells. 

Peptides represent a promising approach to the production and design of 
vaccines. However, the difficulties in making peptides that induce the desired immune " 
response, including the difficulties inherent in making peptides which closely mimic the 
native structure of antigenic determinants, have hampered their success. Accordingly, 
25 there is a need in the art for peptides which function as vaccines, and which preferably 
include both a conformationaUy constrained peptide region that binds to B cells and a T 
cell stimulatory peptide region. There is a further need in the art for appropriate linkers 
for covalently attaching such regions, and which further provide a suitable processing 
site for subsequent cleavage and presentation of the T cell stimulatory peptide on the 
30 surface of the B cell. The present invention fulfills these needs and provides further 
related advantages. 

Summary of Invention 

Briefly stated, the present invention is directed to a peptide vaccine 
35 comprising three regions: a confonnationally constrained reverse-turn mimetic, a T cell 
stimulatory peptide, and a cleavable linker moiety covalently joining the confonnationally 
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constrained reverse-turn mimetic and the T cell stimulatory peptide. In another 
embodiment, this invention is directed to a method for generating a protective immune 
response in a warm-blooded animal by administration of the peptide vaccine to the 
animal. In yet a further embodiment, methods are disclosed for the synthesis of the 
5 peptide vaccine of this invention. 

The conformationally constrained reverse-turn mimetics of this invention 
are capable of binding to a B cell, and preferably mimic the three-dimensional structure 
of an antigenic determinant of a native pathogenic protein. In contrast, the T cell 
stimulatory peptide stimulates or activates T cell activity when expressed on the surface 

10 of a B cell. The peptide vaccines of this invention produce an immune response by their 
ability to bind to B cell surface Ig, resulting in the internalization of the peptide vaccine 
via the Ig receptor. The linkers of this invention serve as cleavage sites for B cell 
intracellular enzymes, thus permitting separation of the conformationally constrained 
reverse-turn mimetic from the T cell stimulatory peptide. In the case of T cell 

15 stimulating peptides which activate helper T cells, the T cell stimulatory peptide is then 
presented on the surface of the B cell in association with class H MHC molecules, thus 
inducing helper T cell activity and generating a protective, humoral immune response. 

Other aspects of this invention, including use of the compounds of this 
invention for diagnostic and/or purification purposes, will become apparent upon 
20 . reference to the following detailed description. 



Detailed Description of the Invention 

As mentioned above, this invention is generally directed to a peptide 
vaccine which is capable of generating an immune response in a warm-blooded animal. 

25 As used herein, a "peptide vaccine" is a compound comprising a conformationally 
constrained reverse-turn mimetic capable of binding to a B cell, a T cell stimulatory 
peptide, and a cleavable linker covalently joining the conformationally constrained 
reverse-turn mimetic to the T cell stimulatory peptide. This invention is also directed to a 
method of administrating the peptide vaccine to a warm-blooded animal to generate a 

30 protective immune response, and to methods for synthesizing the peptide vaccine. 

In one embodiment, the peptide vaccine of this invention generates 
immunity in an animal by provoking a protective humoral antibody response following its 
administration to the animal. In other words, the Ig elicited by the B cells are directed 
against a neutralizing epitope of a pathogenic protein. Alternatively, the peptide vaccine 

35 may activate or stimulate cytotoxic T cells. Administration of the peptide vaccines of 
this invention may be accomplished by known techniques commonly employed for 
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administration of existing vaccines, including (but not limited to) subcutaneous and 
intramuscular injection (see. Stevens et al., Am. J. Reprod. Immunol, 1:315-321, 1981: 
Babink, Immunoc hemistrv of Viruses - The Basis of Serodiaenosis and Vaccines p. 189, 
Van Regenmortol and Neurath eds, Elsevier, Amsterdam, 1985; Brunell, 
5 Immunochemistrv of Viruses - T he Basis of Serodiagnosis and Vaccines , p. 17^ Van 
Regenmortol and Neurath editors, Elsevier, Amsterdam, 1985)(incorporated by 
reference herein). The peptide vaccine is administered in an amount sufficient to 
provoke a protective immune response, and may be suppknented with subsequent 
"boosters" as needed. 

10 As used herein, a "confonnationally constrained reverse-tum mimetic" is 

a compound capable of binding to a B cell by interaction with an antibody receptor on 
the surface of the B cell. The structure of the confonnationally constrained reverse-turn 
mimetic is preferably derived from an antigenic determinant of a native protein (such as a 
pathogenic protein), and mimics the three-dimensional structure thereof. Thus, 

15 antibodies raised to the confonnationally constrained reverse-turn mimetic will bind to 
the corresponding antigenic determinant of the native protein. 

The confonnationally constrained reverse-turn mimetics of this invention 
encompass compounds of related structures, including mimetics of beta-turns, gamma- 
turns and beta-bulges. In general, beta-turns are reversals in the direction of a 

20 polypeptide chain wherein the oxygen of the CO group of amino acid n is hydrogen 
bonded to the hydrogen of the NH group of amino acid n+3. Similarly, gamma-turns 
and beta-bulges are reversals in a polypeptide chain where the oxygen of the CO group - 
of amino acid n is hydrogen bonded to the hydrogen of the NH group of amino acid «+ 2 
and n+< respectively. The confonnationally constrained reverse-turns of this invention 

25 "mimic 11 the three-dimensional structure of beta-turns, gamma-turns and b eta-bulges, and 
thus serve as surrogates for such reverse-turn structures present in naturally-occurring 
proteins and/or peptides. 

More specifically, a confonnationally constrained beta-turn mimetic of 
this invention has the following structure I or II: 

30 
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wherein R 1 , R2, r3 and R 4 are amino acid side chain moieties or derivatives thereof) X 
is selected from the chemical moieties identified in Table 1, Y is selected from -CH2_, 
-N(Z)-, -O- and -S-, and Z is -H or -CH 3 . 

A conformationally constrained gamma-turn mimetic of this invention has 
the following structure III or IV: 



10 



NH 0=/ ' 





m 



IV 



wherein R*, R^ and R 4 are amino acid side chain moieties or derivatives thereof, X is 
selected from the chemical moieties identified in Table 1, Y is selected from -CH2-, 
15 -N(Z)- , -O- and -S-, and Z is -H or -CH 3 . 

A conformationally constrained beta-bulge mimetic of this invention ba g 
the following structure V or VI: 
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wherein R*. R 2 , R 3 , R 3 ' and R 4 are amino acid side chain moieties or derivatives 
5 thereof) X is selected from the chemical moieties identified in Table 1, Y is selected from 
-CH 2 -, -N(Z)-, -O-, and -S-, and Z is -H or -CH 3 . 



Table 1 

"X" Moieties of Structures I through VI 



-NH- 

-NHC(Z) 2 CH 2 CH 2 CH 2 - 

-NH(CH2) n - 
-NH(CH 2 ) n CH=CH- 
-NHC(Z) 2 (CH 2 ) n NH- 
-NHC(Z) 2 CH=CH(CH 2 )n- 
-NHC(Z) 2 CH=C(Z)(CH2) n - 
-hfHNHC(Z) 2 CH=CH(CH 2 ) n - 
-NHC(Z) 2 (CH 2 ) n CH=C=N- 
-NHC(Z) 2 (CH 2 ) n CeCCH=N- 



where X = 

-NHC(Z) 2 CH 2 - 
-NHC(Z) 2 CH=CHCH 2 - 
-KHC(Z)2(CR2) n - 
-NH(CH 2 ) n C=C- 
-NHNHC(Z) 2 (CH 2 ) n - 
-NHCCZ^CsCCCH^n- 
-NHC(Z) 2 CH=CH(CH 2 ) n NH- 
-NHC(Z) 2 (CH 2 ) n CH=N- 
-NHC(Z) 2 (CH 2 ) n CH=CHCH=N- 
-NHCCZ^CCH^nCONH- 
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-NHC(Z) 2 (CH 2 ) n CH=CHCONH- 
-NHC(Z) 2 (CH 2 ) n CH=CHCH 2 NH- 

H 

— NH-^Z-CHz — 
— NH-^CHiOfeCHz — 

(where n=l-4 and Z = H or CH3) 



-NHC(Z) 2 (CH 2 )nC^CCONH- 



H H 



— NH 



"^-CH=CHCH2 — 



— NH-^' 



CHr- 



10 



15 



As used herein, the designation n R" indicates that the amino acid 

side chain moiety (or derivative thereof) may lie either above or below the plane of the 
page. In the case of naturally occurring amino acids (Le., "L-amino acids"), the R amino 
acid side chain moieties would lie below the plane of the page in structures I through VI 
above (Le., " ■ • » R"). However, if one or more D-amino acids were employed, the 
corresponding R amino acid side chain moiety would lie above the plane of the page in 
the above structures (Le., " — ^ R"). In a preferred embodiment, L-amino acids are 
employed to more closely mimic the structure of native protein. The designation 
" ••••i M indicates the remainder of the molecule. In other words, additional chemical 
moieties are covalently attached to the terminal carbonyl and amine groups of structures 
I through VI above. This aspect of the invention is addressed in greater detail below. 
Moreover, it should be understood that the chiral carbon immediately adjacent to the 
carbon atom having the amino acid side chain moiety R^ of structures I through VI may 
be in either the a- or p-position. In other words, this carbon atom may have either of 
the following structures: 
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As used herein, the term "an amino acid side chain moiety" represents any 
amino acid side chain moiety present in naturally occurring proteins, including (but not 
limited to) the naturally occurring amino acid side chain moieties identified in Table 2. 
Other naturally occurring amino acid side chain moieties of this invention include (but 
are not limited to) the side chain moieties of 3,5-dibromotyrosine, 3,5-diiodotyrosine, 
hydroxylysine, y-caiboxyglutamate, phosphotyrosine and phosphoserine. In addition, 
glycosylated amino acid side chains may also be used in the practice of this invention, 
including (but not limited to) glycosylated threonine, serine and asparagine. 



Table 2 

Amino Acid Side Chain Moieties 



Amino Acid Side Chain Moietv 
-H 
-CH 3 
-CH(CH 3 ) 2 
-CH 2 CH(CH 3 ) 2 
-CH(CH 3 )CH 2 CH 3 
-(CH2) 4 NH 3 + 
-(CH 2 ) 3 NHC(NH2)NH 2 + 

-CH 2 COO" 
-CH 2 CH 2 COO- 
-CH 2 CONH 2 
-CH 2 CH 2 CONH 2 



' CH 2-<£> 



OH 



Amino Acid 
Glycine 
Alanine 
Valine 
Leucine 
Isoleucine 
Lysine 
Arginine 
Histidine 

Aspartic acid 
Glutamic acid 
Asparagine 
Glutamine 
Phenylalanine 

Tyrosine 
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-CH 



H 




-CH 2 SH 

-CH 2 CH 2 SCH3 

-CH 2 OH 

-CH(OH)CH 3 
-HN- 



UN r 



— HN 



v r 



Tryptophan 



Cysteine 
Methionine 

Serine 
Threonine 
Proline 

Hydroxyproline 



OH 



10 



When the amino acid side chain moiety of structures I through VI is 
proline, the five-membered pyrrolidine ring may be a component of the conformational^ 
constrained reverse-turn mimetic. In other words, proline may be present at any location 
within the conformationally constrained reverse-turn mimetic in place of one or more 
"-NH-CH(R)- ,f moieties. For example, inclusion of proline in structures I through VI 
above at the "-Y-CH(R 2 )- M position (where Y = N) yields the following structures 1(a) 
through VI(a): 




.1 





1(a) 



H(a) 
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5 V(a) VI(a) 

where Rl, R3, R 3 ', R 4 , X and Z are as identified above with regard to structures I 
through VI. 

Alternatively, structures I and II may be modified by inclusion of proline 
10 within the conformationally constrained reverse-turn mimetic at the "-NH-CH(R 3 )-" 
position, yielding structures 1(b) and 11(b) below: 
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1(b) 



R 1 . — (Zfo V^R 4 



y ° y=o 




R2 



n(b) 



Similarly, structures V and VI may be modified by inclusion of proline 
within the conformationally constrained reverse-turn mimetic at the "-NH-CH(R 3 )-" or 
"-NH-CHCR 3 ')-" positions, yielding structures V(b), VI(b), V(c) and VI(c): 



10 



Y o JT 



V(b) 




U o=/"" 




VI(b) 
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V(c) VI(C) 

where Rl, R2 r3, R3' f R 4, x, Y and Z are as identified above with regard to structures 
5 I through VI. 

Accordingly, general structures I through VI above include structures 
1(a), H(a), m(a), IV(a), V(a), VI(a), 1(b), 11(b), V(b), VI(b), V(c) and VI(c) as 
representative examples where the amino acid side chain moiety is proline (or a 
derivative thereof). 

10 The conformationally constrained reverse-turn mimetics of the present 

invention are made by utilizing appropriate starting component molecules (hereinafter 
referred to as "component pieces"). In short, first, second and third component pieces 
are combined (in various combinations) and then cyclized to yield the conformationaily 
constrained reverse-turn mimetics of this invention. 

15 Within the contort of this invention, a "first component piece" has the 

following structure I: 




wherein R 4 is an amino acid side chain moiety or derivative thereof X is selected from 
the chemical moieties identified in Table 1, and P is a protective group suitable for use in 
peptide synthesis. 

A "second component piece" of this invention is selected from the 
25 following structures 2(a\ 2(V) and 2fcV . 
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2£a} 2(b) 2(c) 

wherein R^ is an amino acid side chain moiety or derivative thereof, and P is a protective 
group suitable for use in peptide synthesis. 

A "third component piece" of this invention is selected from the following 
structures 3faV 3(b) and 3(c) : 




3£a) 3£b} 3(c) 

where R 1 and R 2 are amino acid side chain moieties or derivatives thereof, Y is -CH2-, 
1 5 -NZ-, -O- or -S-, Z is H or methyl, and P is a protective group suitable for use in peptide 
synthesis. Thus, when Y of structure 3£a) is -CH2-, -NZ~, -O- or -S-, the following third 
modular component pieces 3fal\ 3fa2V 3(a3^ and 3(a4\ respectively, are obtained: 




More specifically, conformationally constrained beta-turn mimetics of this 
invention fsee structures I and II above) are synthesized by reacting a first component 
piece with a second component piece to yield a combined first-second intermediate, 
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followed by reacting the first-second intermediate with a third component piece to yield 
a combined first-second-third intermediate, and then cyclizing the resulting first-second- 
third intermediate to yield the conformationally constrained beta-turn mimetic. 
Confonnationally constrained gamma-turn mimetics (see structures HI and IV above) 
5 are synthesized in the same manner, except that the second component piece is omitted 
(Le., a first-third intermediate is cyclized). Similarly, conformationally constrained beta- 
bulges (see structures V and VI above) are synthesized by use of two second component 
pieces (i.e., a first-second-second-third intermediate is cyclized). 

For example, the general synthesis of a conformationally constrained 
10 beta-turn mimetic having structure 4 below may be synthesized by the following 
technique. A first modular component piece 1 is combined with a second modular 
component piece 2£a> to yield a first-second intermediate 5 as illustrated below (it should 
be recognized that following reaction scheme is presented for illustration purposes, and 
that the carboxyiic acid moiety of structure 1 should be suitably protected by, for 
15 example, esterification, by formation of an amide bond, or by attachment to a solid 
support): 




A third modular component piece 3faH is then combined with the first- 
20 second intermediate £ to give a pre-cyclized beta-turn mimetic 6, which in turn is 
cyclized to yield the beta-turn mimetic of structure 4: 
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All conforraationally constrained reverse-turn mimetics of this invention 
may be synthesized by appropriate choice of the various component pieces by the 
5 general procedure outlined above. For example, R group variations to structures I 
through VI may be made by use of appropriate first, second and third component pieces 
possessing the desired R group. Similarly, conformationally constrained gamma-turn 
mimetics may be synthesized by linking a first component piece with a third component 
piece (omitting the second component piece), followed by cyclization. Alternatively, a 

10 first component piece may be combined with a second component piece, followed by 
combination with yet another second component piece to yield a first-second-second 
intermediate. This intermediate may then be combined with a third component piece and 
cyclized to yield the corresponding conformationally constrained beta-bulge mimetic. 
Additional disclosure directed to the synthesis of the conformationally constrained 

1 5 reverse-turn mimetics of this invention is set forth in Examples 1 -3 below. 

For use as vaccines, the conformationally constrained reverse-turn 
mimetics of this invention mimic the three-dimensional structure of an antigenic region 
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of a native protein, including both pathogenic and non-pathogenic proteins. An example 
of a non-pathogenic protein is the mammalian zona pellucida which surrounds growing 
oocytes and ovulated eggs, and thus may serve as an immunogen for a contraceptive 
vaccine (Millar et aL, Science 246:935, 1989). Due to their biological importance, many 
5 antigenic sites of native proteins have been identified and their three-dimensional 
conformation determined by, for example, X-ray crystallography and/or molecular 
modeling. For such antigenic regions, a conformationally constrained reverse-turn 
mimetic of this invention can be readily designed. The following disclosure illustrates 
the design of conformationally constrained reverse-turn mimetics for major neutralizing 

10 determinants of two medically important pathogens, HTV and human influenzae virus. 

With regard to HIV, the V 3 loop of the gpl20 envelope protein is a 
principal neutra lizing determinant, and the precise conformation of the antigenic region 
of the V 3 loop is critical to eliciting neutralizing antibodies. The peptide sequence of the 
V 3 loop encompasses from amino acids 306 to 317 and has a consensus sequence 

15 RK3UHIGPGRAF, with the region glycyl-prolyl-glycyl-argyl (GPGR) being a conserved 
sequence among different strains of HTV. It is believed that conservation among 
different HIV-1 isolates of the GPGR region is due to the necessity of maintaining an 
essential beta-turn in the crown of the V 3 loop. It is also believed that the binding of 
gpl20 to CD4 at a site remote from the V 3 loop induces a conformational shift in the V 3 

20 loop. This shift results in a frame shift of a type II beta-turn incorporating a proline in 
the ; + 1 position to a type VI beta-turn with a proline in the / + 2 site (Johnson et aL, 
FEBS Letters 337:4-8, 1994). Such a CD4-induced frame shift would provide a 
mechanism for presentation of the V 3 loop as a competent "trypsin-like" substrate to a 
cellular protease for activation of subsequent membrane fusion. The following two 

25 conformations (designated A and B) of the V 3 loop have been determined by molecular 
modeling (one conformation having Pro313 in the / + / position of a type II reverse- 
turn, and the other having Pro3 13 in the / + 2 position of a type VI reverse-turn, 
respectively): 
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/" 
HN 

NH 



A 

(proline at /+ J) 




O 

q j^^/" (proline at / + 2) 

The synthesis of conformational^ constrained reverse-turns which mimic the three- 
dimensional structure of the above V 3 loop conformations are presented in Example 4 
below. 

Similarly, the three-dimensional conformation of amino acid residues 140 
to 146 0.e„ KRGPGSG) of the hemagglutinin surface protein of influenzae virus has 
been shown by X-ray crystallography to adopt the following loop structure (Wilson 
et al., Nature 289:368-373, 1981): 
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This loop contains a major antigenic site of the virus, and antibodies to this region 
neutralize viral infection. Accordingly, confonnationally constrained reverse-turns of 
this invention may be synthesized to mimic the three-dimensional loop structure of this 
5 region (see Example 5 below). 

While confonnationally constrained reverse-turn mimetics of this 
invention can be readily synthesized to mimic a known antigenic determinant region, 
synthesis can also be accomplished when the three-dimensional structure of the antigenic 
determinant region is not known. For example, an existing monoclonal antibody to the 

10 C 4 region of gpl20 (e.g., MAb 5C2E5) interferes with binding of the envelope to CD4 
on T cells (Lasky et aL, Cell 50:975-985, 1987). The epitope detected by this antibody 
encompasses amino acids 406 to 415 (Le., QDNMWQKVG). Thus, confonnationally 
constrained reverse-turn mimetics to C 4 may be identified by predicting the 
conformation of this region based on the observed homology between gpl20 and the 

15 constant region of immunoglobulins (the three-dimensional structure of immunoglobulins 
having been established by X-ray crystallography). For example, confonnationally. 
constrained reverse-turn mimetics may be synthesized containing different "X" moieties 
(see structures I through VI) to approximately conform to the deduced structure. 
Confonnationally constrained reverse-turn mimetics may then be identified by screening 

20 their ability to bind to MAb 5C2E5 or CD4 in a standard ELISA assay. In situations 
where there are no known neutralizing antibodies, antibodies to candidate 
confonnationally constrained reverse-turn mimetics can be raised and tested for 
pathogen neutralization. 

In some instances, epitopes are discontinuous - that is, the three- 

25 dimensional region of the antigenic determinant includes contributions from amino acids 
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from discrete parts of the polypeptide chain. For example, some neutralizing antibodies 
to HTV recognize the combination of V 3 and C 4 domains (Thali et al., J. Acquired 
Immune Defic. Svndr. 6:591, 1992; Thali et al., J. Virol. 66:5635, 1992), and these 
domains are close together in three-dimensional space (Wyatt et al., J. Virol. 66:6997, 
1992). In such instances, two confonnationally-constrained reverse-turn mimetics of 
this invention may by joined with the use of a suitable spacer moiety to mimic the 
discontinuous epitopes. For example, the following molecule may serve as a spacer 
moiety of this invention: 



10 



(reverse-turn mimetic)^. 




H 



(reverse-turn mimetic) 



In addition to mimicking the three-dimensional structure of an antigenic 
region of a native protein, the conformationally constrained reverse-turn mimetics of this 
invention are also capable of binding to B cells and provoking a protective immune 

15 response. To date, numerous B cell recognition sites have been reported and are 
summarized by David R. Milich in Table n, "Enumeration of B Cell Sites", of Advances 
in Immunology 45:240-250, 1989 (hereby incorporated by reference in its entirety). 

B cell proliferation requires T cell stimulation to elicit an immune 
response. Accordingly, the peptide vaccines of this invention further comprise a T cell 

20 stimulatory peptide covalently attached to the confonnationally constrained reverse-turn 
mimetic. Peptides capable of eliciting a helper T cell response generally range from 10- 
20 amino acids, and more preferably from 12-15 amino acids in length. Suitable T cell 
stimulatory peptides of this invention are peptides which induce T cell activity when 
presented on the surface of a B cell, including peptides which activate or stimulate helper 

25 T cell activity when presented in association with class II MHC molecules, as well 
peptides which activate or stimulate cytotoxic T cells when presented in association with 
class I MHC molecules. Suitable T cell stimulatory peptides include, but are not limited 
to, peptides from gpl20 and p24E proteins of HIV which have been identified and 
shown to be stimulatory in mice (Cease et al., Proc. Natl. Acad. Sci. USA 84:4249, 

30 1987; PCT Patent Applicant Publication No. WO 90/13564). In particular, the T cell 
stimulatory peptides derived from gpl20 and p24E correspond to the sequences 
KQHNMWQEVGKAMYA and GPKEPFRDYVDRFYK, respectively, and may serve 
as suitable T cell stimulatory peptides for peptide vaccines directed to HTV. 
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Suitable T cell stimulatory peptides for other vaccines can be identified in 
a similar fashion, and various algorithms may be used to predict such candidate peptides. 
In addition, suitable assay techniques may be employed to identify T cell stimulatory 
peptides of this invention. For example, the in vitro assay measuring proliferation of 
5 lymph node T cells disclosed by Leonetti et al. (J. Immunol. 145:4214-4221 1990) may 
be used to identify T cell stimulatory peptides of this invention. In this assay, mice are 
i mmuniz ed subcutaneously at the base of the tail with the candidate peptides in complete 
Freund's adjuvant or equivalent adjuvant. After eight days, the draining lymph nodes are 
removed, and a single cell suspension is made. The lymph node cells are then cultured in 

10 triplicate with serial dilutions of candidate peptides, or medium alone, for 24 hours. The 
presence of IL-2 in the culture supernatants is evaluated by determining the proliferation 
of an IL-2 dependent cell line, such as CTL. CTL cells are incubated with an aliquot of 
culture supernatant for 24 hours and then pulsed with [ 3 H]TdR, and the amount of 
incorporated radioactivity determined. 

15 Representative embodiments of suitable T cell stimulatory peptides 

(amino-terminal to carbonyl-tenninal) are listed in Table 3 below, along with 
corresponding references (all of which are hereby incorporated by reference in their 
entirety). Further T cell stimulatory peptides include known peptides which correspond 
to the T cell recognition sites summarized by David R. Milich in Table I, "Enumeration 

20 of T Cell Sites", of Advances in Immunology 45:204-209, 1989 (hereby incorporated by 
reference in its entirety). In addition, suitable T cell stimulating peptides may be 
identified by known techniques, including acid ekrtion and sequencing (Rudensky, 
Nature 353:622, 1991) and mass spectrometry (Hunt et al., . Science 256 :18-17. 1992). 
Phage display techniques may also be employed to define both anchor and promiscuous 

25 residues according to MHC alleles (see, e.g., Hammer et al., Cell 74:197-203, 1993)(see 
also, Kilgus et al., Proc. Natl. Acad. Sci. USA 86:1629-1633, 1989; Rotzschke et al., 
Nature 348:252-254, 1990; Hunt et al„ Science 255 :1261-1263 r 1992; Ferrari et aL, L 
Clin. Invest. 88:214-222. 1991). All of the above documents are incorporated herein by 
references in their entirety. 
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Table 3 






T-CeII Stimulatine PeDtides 


Pentide Senuenr^ 


Source 


Reference 


GPKEPFRDYVDRFYK 


p24E 


PCT Patent Application Publ. 






No. WO 90/13564 


GPKEPFRDYVDRFYK- 


HIVl-p24 


PCT Patent Application Publ. 


TLRAEQASQEV 




No. WO 90/13564 


Kon>JMwnP\/rri^A\>rvA 

rvV^lxlNIYl w V^JCf V vJxVrvM. I A, 


gpl20 


Cease et aL Proc. Natl Acad 


HEDIISLWNOSLK 




S^JiSA 84:4249^253, 1987 


YTCICVWRDHR {TTTTPT* frf 

X l^IV V r V XVLSX iivVJ X 1 ■ r - lv Vfv- 


Neuro toxin from 


Leonetti et aL. J. Immunol 




Naja nigricololtis 


145:4214-4221, 1990 




venom 






Evelyn-Rokitnicki- 


Dietzschold et aL. J. Viroloev 




Abelseth strain of 


64:3804-3809, 1990 




rabies virus 




KQIRDSITEEWS 


Rodent malaria 


Tarn et aL. J. Exo. Med. 




parasite, 


171:299-306, 1990 




Plasmodium berghei 





5 The conformationally-constrained reverse-turn mimetics and the T cell 

stimulatory peptides of this invention are covalently joined by a cleavable linker. As 
mentioned above, T cell stimulatory peptides presented by class II MHC molecules are 
I generally generated by proteolytic degradation of an endocytosed protein, and such 

degradation generally occurs in a lysosomal compartment of a B cell. Alternatively, T 
10 cell stimulatory peptides presented by class I MHC molecules generally involve 
nuclear/cytosolic degradation by the proteasome (a large ATP-dependent proteolytic 
complex). Thus, any linker which is readily subject to proteolytic degredation in the 
lysosomal compartment of the B cell, or subject to nuclear/cytosolic degredation by the 
proteasome, may serve as a linker moiety within the context of this invention. Preferred 
1 5 linkers are amino acid sequences capable or prone to proteolytic breakdown. 

One of the most abundant proteolytic enzymes in lysosomes is Cathepsin 
D. Thus, a preferred linker of this invention contains a recognition site (i.e., cleavage 
site) for Cathepsin D. The amino acid sequence pattern that is preferentially cleaved by 
cathepsin D from bovine spleen is presented below (see, van Noort et aL, J, Biol. Chem. 
20 24:14159-14164, 1989): 
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cleavage 
site 



P 2 P l 



hydrophobic — hydrophobic — hydrophobic — charged — X — X — charged 
(Leu/aromatic) (basic) (basic) 

where P2 through Ps' represent amino acids, with cleavage by Cathepsin D occurring 
between the P] and Pi' amino acids. Accordingly, any amino acid sequence satisfying 
the above functional parameters may be employed as a cleavable linker in this invention. 
5 For example, a peptide vaccine of this invention directed to the V3 loop 

of the gpl20 envelope protein (i.e., a neutralizing determinant) may utilize 
conformationally constrained beta-turn mimetics to both loop conformations of amino 
acids 306 to 317 of gpl20 (i.e., RKRIfflGPGRAF). For purposes of illustration, such 
conformationally constrained reverse-turn mimetics may be represented as the following 
1 0 sequences a and b: 

RKRIHIGPGRAF and RKRIHIGPGRAF 
a b 



15 In other words, sequence a represents conformationally constrained reverse-turn 
mimetics to the proline in the / + 1 conformation (see structure A above), and sequence 
b represents the proline in the / + 2 conformation (see structure g. above). It should be 
understood that sequences a and b represents conformationally constrained beta-turn 
mimetics of varying ring size. By varying "X" of structures I and II, the ring size of the 

20 conformationally constrained beta-turn mimetic may be varied (for example, 10-, 12- and 
14-membered rings may be produced). Accordingly, sequences & and b represent 
conformationally constrained beta-turn mimetics of varying "three-dimensional 
conformations. 

When a T cell stimulating peptide (such as p24E) is covalently attached 
25 to sequences a and b, the resulting sequences c and d are produced: 

I 1 

GPKEPFRDYVDRFYK RKRIHIGPGRAF 

c 

30 GPKEPFRDYVDRFYK RKRIHIGPGRAF 

d 
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As mentioned above, a cleavable linker of this invention is located 
between the T cell stimulatory peptide and the conformationally constrained reverse-turn 
mimetic. For example, in the case of a linker cleavable by Cathepsin D, the terminal 
lysine (K) of the T cell stimulatory peptide of sequence £ and £ may be replaced with 
leucine-lysine (LK) to yield the following sequences g and f: 

GPKEPFRDYVDRFY LK — RKWfflGPGRAF 

e 

GPKEPFRDYVDRFY LK — RKRIHI GP GRAF 

f 

The phenylalanme-tyrosme-leucme-lysine-argmine-lysme-arginine sequence (FYLKRKR) 
may now serve as a cleavable linker between the T cell stimulatory peptide and the 
conformationally constrained reverse-turn mimetic, with cleavage by Cathepsin D 
occurring between tyrosine and leucine fi e., between the P] and Pj* amino acids). 

Other cleavable linkers of this invention include, but are not limited to, 
the amino acid sequences which are cleavable by cathepsin B or by cathepsin B. 
Cathepsin B is a cystein proteinase which cleaves sequences having a basic amino acid 
(such as arginine or lysine) at the P 2 and P 3 positions, a small hydrophobic moiety at P 2 , 
and an aromatic hydrophobic moiety at Pf and P 4 (see Matsueda et al., The Chemical 
Society of Japan - Chemistry T e*tr>r<! pp . 1857-1860, 1988; Matsunaga et al., FEBS 
224:325-330, 1993). Similarly, cathepsin E is an autosomal aspartic proteinase present 
25 in both B and T cells, but not in peritoneal macrophages. The active cleft of this enzyme 
is capable of accommodating as many as nine residues, with a distinct preference for 
cleavage to occur between hydrophobic residues occupying the Pi-Pf sites (e.g, 
Bennett et al., Eur. J. Tmrnimnl ??-i<;iq.i at a 1992). 

In addition to use as vaccines, the compounds of this invention also have 
utility for diagnostic and/or purification purposes. For example, the compounds 
disclosed herein may be used to generate antibodies to, for example, gpl20. Such 
antibodies may be used for diagnostic purposes by techniques known to those skilled in 
the art. Alternatively, the present compounds can be coated on plates (e.g., ELISA 
plates) and used to detect antibodies to pathogens that are present in, for example, 
patient sera. Furthermore, the compounds of this invention may be used for purification 
by, for example, binding the compound to a solid support, and then contacting the same 



20 



30 



35 
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to a sample containing a component which specifically binds to the bound compound. 
Again, such techniques are known to those skilled in the art. 

Synthesis of the peptide vaccines of the present invention may be 
accomplished using known peptide synthesis techniques, in combination with the first, 
5 second and third component pieces of this invention. More specifically, any amino acid 
sequence may be added to the N-teiminal and/or C-terminal of the conformationally 
constrained reverse-turn mimetic. For example, to synthesize a peptide vaccine of 
sequence f above, the amino acid sequence FAR is sequentially synthesized on a solid 
support (such as PAM resin) by known techniques (see, e.g.. John M. Stewart & Jamin 
10 D. Young, Solid Phase Peptide Synthesis. 1984, Pierce Chemical Comp., Rockford, 
Illinois): 



20 



25 



(^^"^ FAR- 



MR. 



IS (It should be noted that such solid phase synthesis normally occurs from carbonyl to 
amino terminus, thus yielding the peptide vaccine of sequence f depicted above from 
amino to carbonyl terminus.) A first component piece is then added: 



R4 

HO 



tf^ N — X — P R 4 
(3^FAR-NH 2 ° " ► C)^ F ^""^N-X-] 



This is followed by addition of a second component piece: 

R3 



p4 HO^ i . 

° ip NHP ' 

The terminal nitrogen is deprotected (i.e., removal of P"), and a third component piece 
added (where Y is -CH2-, -NZ-, -O- or -S-): 
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O jjp NHP' ° XP NH 




The P and p" protected nitrogens are then deprotected, and the first, second and third 
component pieces cyclized: 



FAR 




Amino acids are then added to the N-tenninus of the coufonnationally constrained beta- 
1 0 turn mimetic by known synthesis techniques to yield: 
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The resulting compound is then cleaved from the solid support to yield the peptide 
vaccine. 

Since the above structure is a conformationally constrained reverse-turn 
mimic of structure £ and thus intended to mimic the IGPG-turn, the amino acid side 
chain moieties of isoleucine, glycine, proline and glycine would be utilized for Rl, R2, 
R 3 and R 4 , respectively, and Y would be -NH- or -CH 2 - as illustrated below: 




CH(CH 3 )CH 2 CH 3 



(In this example, the second component piece would correspond to structure 2(b) due to 
the presence of the proline amino acid side chain at R 3 .) Moreover, the three- 
dimensional structure of the conformationally constrained beta-turn mimetic may be 
controlled by appropriate choice of the "X" moiety. For example, 10-, 12- and 14- 
membered rings (e.g., corresponding to X = -NH-, -NHCH 2 CH 2 -, and -NH(CH 2 ) 4 - 
respectively) may be synthesized. Other suitable "X" moieties of this invention are set 
forth in Table 1 above. 

Alternatively, synthesis of peptide vaccines of this invention may be 
accomplished in solution, rather than on a solid support as disclosed above. Suitable 
techniques for synthesizing the conformationally constrained reverse-tu - mimetics of 
this invention are disclosed in PCT application number PCT/US92/00916 ilied February 
6, 1992 and published as W092/138878 on August 20, 1992, and PCT application 
number PCT/US93/07447 filed August 6, 1993 and published as WO94/03494 on 
February 17, 1994 (both of which references are incorporated herein by reference in their 
entirety). 

In addition, a combination of both solution and solid phase synthesis 
techniques may be utilized to synthesize the peptide vaccines of this invention. For 
example, a solid support may be utilized to synthesize the linear peptide sequence up to 
the point that the conformationally constrained reverse-turn is added to the sequence. A 
suitable conformationally constrained reverse-turn mimetic which has been previously 
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synthesized by solution synthesis techniques may then be added as the next "amino acid" 
to the solid phase synthesis (i.e., the confonnationally constrained reverse-turn miotic, 
which has both an N-terminus and a C-terminus, may be utilized as the next amino acid 
to be added to the linear peptide). Upon incorporation of the confonnationally 
5 constrained reverse-turn mimetic into the sequence, additional amino acids may then be 
added to complete the peptide vaccine bound to the solid support. Alternatively, the 
linear N-terminus and C-terminus protected peptide sequences may be synthesized on a 
solid support, removed from the support, and then coupled to the confonnationally 
constrained reverse-turn mimetic in solution using known solution coupling techniques. 
10 The effectiveness of the peptide vaccines of this invention may be tested 

by determining IgG antibody titers to the immunogen (i.e, the peptide vaccine), IgG 
antibody titers to the native protein, and the ability of the antibody to inhibit pathogen 
infection in a neutralization assay. For example, inbred mouse strains of varying H-2 
haplotypes may be used for immunogenicity testing (several different strains are used 
because the T cell stimulating peptide may be presented with some, but not all MHC 
class II haplotypes). In particular, the vaccine may be atiministered subcutaneously in 
complete Freund's adjuvant or equivalent adjuvant, and groups of four animals are given 
either 4, 20, or 100 ug of the peptide vaccine. Two to three weeks later, the animals are 
challenged with a one-half dose of peptide emulsified in incomplete Freund's adjuvant. 
20 Seven to ten days later sera is collected. 

IgG titers to the peptide vaccine may be determined in a standard ELISA 
assay. Briefly, ELISA plates (commercially available) are coated with the peptide 
vaccine at 1 ug/ml in phosphate-buffered saline (PBS). The coating solution is removed 
and unbound sites are blocked by the addition of 2% (w/v) powdered skim milk and the 
25 plates are subsequently washed three times with PBS containing 0.02% Tween 20 to 
remove any free peptide. Serial dilutions of sera are made and added to the peptide- 
coated wells. Following binding of the sera dilutions, unbound antibodies are washed 
out. Incubation with an enzyme-coupled anti-mouse IgG antibody is performed and is 
followed again by washing out unbound antibody. The amount of bound second stage 
30 antibody is determined by spectre-photometric readings following the addition of a 
chromogenic substrate. Results are calculated as reciprocal titers that give a reading 
above the background controls. 

IgG titers to the native protein are similarly determined, except that the 
native protein is used to initially coat the titer wells. Because some fraction of native 
35 protein denatures upon contact with plastic, an alternative competitive binding assay can 
be performed. This is also a standardly performed assay and is identical to the direct 
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ELISA except that, prior to addition of the anti-peptide antibodies, soluble antigens at 
concentrations ranging from approximately 100 uM to as little as 10 pM are added. 

The virus neutralization assay of Wyatt et al. (J. Virol. 66:6997, 1992) 
provides a rapid complementation assay to measure inhibition of virus infection. Briefly, 
a chloramphenicol actyltransferase-expressing virus is incubated with antibody before 
exposure of the virus to target Jurkat lymphocytes. CAT activity in the target cells is 
measured in a standard way. The amount needed to inhibit vims entry by 50% is 
calculated. Alternatively, the sera samples can be incubated with HTV virus stocks prior 
to infection of HUT 78 cells. Infected cells are cultured for 7 days, and cell supernatants 
are assayed for virus antigens (p24E) using an ELISA assay (s^ Maeda et al., ATDS 
Res, and Human Retroviruses 8:2049-2054, 1992). 

The following examples are offered by way of illustration, not limitation. 

EXAMPLES 

15 Example 1 

Synthesis of Component Pieces 
This example presents the synthesis of the component pieces which 
combine to form the conformationally constrained reverse-turn mimetics of the present 
invention. 

20 

A. Synthesis of First Component Pieces 

The first component piece of this invention has the following structure 1: 

25 P-X-NH 



where R 4 is an amino acid side chain moiety or derivative thereof; X is a chemical 
moiety selected from the moieties identified in Table 1, and P is an amino protective 
30 group suitable for use in peptide synthesis. The "X" moiety establishes the bridge 
between the first and third component pieces which defines the ring size of the 
conformationally constrained reverse-turn mimetic. The X moiety may be variable in 
length and flexibility, and thus effects the three-dimensional structure of the 
conformationally constrained reverse-turn mimetic. 
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The first component piece may be an N-protected hydrazine where the 
moiety X is a single nitrogen atom. Upon cyclization to the reverse turn mimetic, such a 
first component piece forms a hydrazide link with the carbonyl group of the third 
component piece. Alternatively, the first component piece may be an N-protected amine 
5 which upon cyclization forms an amide link. The synthesis of both general types of first 
compound pieces is set forth below. 

(1) Synthesis of N-Protected Hydrazines fX=NH> 
N-protected hydrazines for use as the first component piece may be made 
- 10 from their corresponding amino acids according to the procedures of Hofiman and Kim 
net. Lett .3 1:2953. 1990) and Vidal et al. (J. Ore. Chem. 58:4791-4793. 1993). Briefly, 
an amino acid may be converted to the corresponding a-hydroxy methyl ester by 
reaction with sodium nitrite in aqueous sulfuric acid followed by treatment with 
diazomethane. The a-hydroxy group is displaced with mono-t-butyloxycarbonyl 
1 5 hydrazine after its conversion to trifluoromethanesulfonate with trifluoromethanesulfonic 
anhydride (with overall inversion of the amino acid configuration about the chiral carbon 
atom). The result is a first component N-protected hydrazine, a first component piece 
represented by formula 1 where the carboxylic acid group is protected as a methyl ester, 
X is NH, and P is the amino protective group, t-butyloxycarbonyl (BOC). The 
20 conversion of an amino acid to a representative first component N-protected hydrazine is 
shown below. 
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(2) Synthesis of First Component N-Protected Amines 
(X=NHRCHV> 

Reductive animation . A variety of first component pieces may be 
prepared from suitable aldehydes by a facile reductive amination process, as described by 
5 Gribble and Nutatitis (Ore. Prep. Proced. Int . 17:317, 1985) or Sasaki and Coy 
(Peptides 8:119, 1987). In this method, reaction of the amino group of an amino acid 
with the carbonyl group of an aldehyde results in the formation of an imine which may be 
subsequently reduced with an appropriate hydride reducing agent to provide a C-N link. 
To produce such a first component piece of the present invention, the requisite aldehyde 
10 bears a N-protected amino group. The synthesis of first component N-protected amines 
by general method of reductive amination is presented schematically below (with overall 
retention of the amino acid configuration about the chiral carbon atom): 




15 

The N-protected amino aldehyde shown above may be represented with 
the general formula, P-NH-R-CHO, where P is an amino protecting group and R is a 
chemical moiety (for example, -CH2- -C(CH3)2-, -CH=CHC(CH3)2-> or 
-CH2CH2C(CH3)2-) which links the aldehyde carbonyl with the N-protected amino 
20 group. The product of the reductive amination shown above yields the first component 
piece of structure 1 when X is NH-R-CH2. 
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Synthesis of aldehydes from amino acids . The preparation of first 
component pieces with variable X by the reductive amination method requires the 
synthesis of suitable aldehydes, i.e., aldehydes which bear N-protected amino groups. 
Such suitable aldehydes may be directly prepared from their corresponding amino acids 
5 by a two step procedure as described by Goel et al. (Org. Svn. 67:69, 1988). In a typical 
reaction sequence, an N-protected amino acid is first converted to a mixed anhydride by 
treatment with methyl chloroformate and treatment with N,0-dimethylhydroxylamine 
provides the corresponding carboxamide, which is followed by reduction to the aldehyde 
with lithium aluminum hydride. The conversion of an N-protected amino acid to its 
10 corresponding N-protected aldehyde, as described above, is illustrated schematically by 
the following reaction: 

C1CO-CH. LiAlH . 
P-NH-R-CO H 2 3 ► P-NH.R.CHO 

2 CH3ONHCH3 p ^-R-c* 10 



15 where P and R are as described above. The synthesis of suitable N-amino protected 
aldehydes is presented as sections (a)-(d) below. 

(a) First Component N-Protected Amines fX=NHCHp CHo ) 
In this example, the aldehyde is an N-protected 2-aminoethanol and may 
20 be prepared from its corresponding N-protected amino acid, glycine, according to the 
process of Goel et al. as described in section (2) above. N-BOC-glycine is commercially 
available from a variety of sources and is suitable for conversion to its aldehyde, BOC- 
NH-CH2-CHO. Treatment of the resulting aldehyde, N-BOC-aminoacetaldehyde, with 
an amino acid under the reductive amination conditions as described in (2) above yields 
25 the first component N-protected amine shown below, which is the first component piece 
of general formula 1 when X is -NHCH2CH2- and P is the BOC protecting group: 




30 (b) First Component N-Protected Amines OC^NHCfCH^ oCT*^ 

In this example, the aldehyde is an N-protected 2-amino-2- 
methylpropanal, and may be prepared from its corresponding N-protected amino acid, 2- 
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methylalanine, according to the process of Goel et al. as described in section (2) above. 
N-BOC-2-methylalanine is commercially available from a variety of sources and is 
suitable for conversion to its aldehyde, BOC-NH-C(CH3>2-CHO. Treatment of the 
resulting aldehyde, N-BOC-2-amino-2-methylpropanal, with an amino acid under the 
reductive amination conditions as described in section (2) above yields the first 
component N-protected amine shown below which satisfies the first component piece of 
general formula 1 where X is NHC(CH3>2CH2. 



NHCH 2 C(CH ) NH - BOC 
HO" ^ 32 



10 

(c) First Component N-Protected Amines 

Extension of the length and adjustment of the flexibility of linker X may 
be achieved by homologation of the aldehydes described above. For example, the 
15 homologation of the aldehyde intermediate in section (2)(b) above by Wittig reaction 
provides a vinylogous analog as described in House and Rasmusson (J. Org. Chem . 
26:4278, 1961). 

Briefly, treatment of N-BOC-2-amino-2-methyIpropanal, from section 
(2)(b) above, with methyl (triphenylphosphoranylidene) acetate results in the extension 
20 of the carbon chain of the aldehyde by two carbons. The reaction is represented 
schematically as follows. 

BOONH-C(CH3)2-CHO + Ph3P=CH^02CH3 > BO(>NH<XCH3)2CT==CH-C02CH3 

25 The ester product above may then be hydrolyzed under basic conditions to yield the 
corresponding N-BOC amino carboxylic acid, which may then be directly converted to 
the aldehyde by the reductive method of Goel et al. as described above in section (2). 
Conversion of the carboxylic acid derived from the above ester to the corresponding 
aldehyde is illustrated below. 



30 



BOC-NH-C(CH 3 )2-CH=CH-C02H > BOC-NH-C(CH 3 ) 2 -CH=CH-CHO 
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Treatment of the vinylogous aldehyde with an amino acid under the 
reductive animation conditions as described in section (2) above yields the first 
component N-protected amine shown below, which satisfies the first component piece 
general formula 1 when X is NHC(CH3) 2 CH=CHCH 2 : 




-NHCH 2 CH= CHC(CH 3 ) 2 NH - BOC 



HO 



(d) First Component N-Protected Amines 
^NHC(CH^ 2CH 2 CH2CH2^ 
10 The X moiety of section (2)(c) above contains a vinyl group which 

imparts some rigidity to the linker moiety. A more flexible linker may be prepared by 
hydrogenation of the N-protected vinylogous aldehyde described above. Hydrogenation 
to the vinylogous aldehyde produces the saturated analog shown below. 

15 BOC-NH-C(CH 3 )2-CH=CH-CHO > BOC-NH-C(CH3)2-CH 2 CH2-CHO 

Treatment of the saturated aldehyde with an amino acid under the 
reductive amination conditions as described in section (2) above yields the first 
component N-protected amine shown below, which sstisfies the first component piece 
20 general formula I when X is NHC(CH3>2CH2CH2CH2: 



,NHCH CH CH C(CH ) NH -BOC 
HO" - 2 2 2 3 2 



B. Synthesis of Second Component Pieces 
25 The second component pieces of this invention may have any one of the 

following structures 2a. 2b or 2c: 
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2a 2b 2c 



where R? is an amino acid side chain moiety or derivative thereof^ and P is an amino 
5 protective group suitable for use in peptide synthesis. Structure 2a is a generalized 
representation of an N-protected amino acid and structure 2b represents an N-protected 
proline derivative. Suitable second component pieces, 2a and 2b, are commercially 
available. For example, FMOC amino acids are available from a variety of sources. 
Alternatively, these or other N-protected amino acids may be readily prepared by 
10 standard organic synthetic techniques. 

Second component piece 2c is an azido derivative of an amino acid. In 
this amino acid derivative, the a-amino group has been substituted with an azido group. 
The azido derivative of an amino acid may be prepared by the following reaction 
(Zaloom et al., J. Org. Chem. 46:5173-5176, 1981): 

15 




C. Synthesis of Third Component Pieces 
20 The third component piece may have any one of the following structures: 




3(a) 3(b) 3(c) 
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where R 1 and R 2 are an amino acid side chain moieties or derivatives thereof, Y is 
-CH2., -NZ-, -O- or -S-, Z is H or -CH3, and P is an amino protective group suitable for 
use in peptide synthesis. Preferred protective groups include t-butyl dimethylsilyl 
(TBDMS), BOC and FMOC. 

More specifically, third component piece 3(bl) may have any one of the 
following structures: 

C0 2 H K 2 ^^ 00 ^ R 2 *^ 002 ** R 2 v^ 00211 
3(z2) 3(a3^> 

10 The third component pieces of the present invention are P-propiolactam 

derivatives, also commonly known as 2-azetidinone derivatives. Third component pieces 
3a are analogous azetidinones which differ in the nature of the atom connecting the 
azetidinone ring with the carboxylic acid portion of the molecule. The atom connecting 
the two portions of these third component pieces are C, N, O and S for 3(alY 3(a2\ 

15 3£a3} and 3(a4\ respectively. Third component piece 3b is a derivative of 3a(2V 
wherein R 2 is proline. Third component piece 3c is a 2-substituted azetidinone in which 
the azetidinone nitrogen is also the a-amino group of an a-amino acid. Representative 
syntheses of these third component pieces 3a-3c follows. 

20 (1) Synthesis of Third Component Piece 3fan 

Third component piece 3falt may be prepared by the method as generally 
described in Williams et aL, J. Amer. Chem. Soc . lll:1073 r 1989. The synthesis of 
3(al^ is presented schematically below. 
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CH 




1) LDA 



2) ^ 



CH. 



CH 




Br 



R2 



RuCl 3 ,NaI0 4 
CH 3 CN 




OH 




Briefly, the anion of an N-TBDMS-2-azetidinone generated by treatment with lithium 
diisopropylamide is alkylated with a 4-bromobutenyl derivative to yield the 
corresponding 4-butenyl azetidinone. Oxidative cleavage of the terminal alkene with 
ruthenium tetroxide provides third component piece 3(all. where P is the TBDMS 
protective group. 



(2) Synthesis of Third Component Piece 3(a2) 
1 0 Third component piece 3fa2l may be prepared by the method as generally 

described in Miller et al. (J. Amer. Chem. Soc. 102 :7026. 1980). The synthesis of 3(a2) 
is presented schematically below. 



P-HN 



J—NH—P 



H^N Rl R 2 




OBn O 



NaCNBH- 



R 2 J—". 



15 



HO 




Rl 



H 2 ,Pd/C 



R2 ^"N x 
O P 



Briefly, the cyclization of a P-hydroxy amide derivative provides an 4-amino-2- 
azetidinone. Condensation of the azetidinone amino group with an a-keto benzyl ester 
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derivative, and concommitant reduction with sodium cyanoborohydride, yields an ester 
of 3fa2V Hydrogenolysis of the benzyl protecting group produces third component 
piece 3(a2V 

S (3) Synthesis of Third Component Piece 3fa3^ 

Third component piece 3fa3"> may be prepared by the method as 
represented schematically below: 



1) CH CI 0 
2 2 




10 

Briefly, displacement of the trifluoromethane sulfonate group from a 4- 
trifluoromethanesulfonyl-2-TBDMS-2"a2etidinone derivative (from hydroxy azetidinone) 
by the oxyanion of an allyl alcohol provides a terminal alkene of 3[a3). Oxidative 
cleavage of the terminal alkene with ruthenium tetroxide provides carboxylic acid 3fa3Y 
15 Alternatively, third component piece 3(b3) may be prepared by the 

following reaction scheme: 



WO 95/25120 



PCTAJS95/03386 



39 




1) KN(Si=)2 

BnO^Y 0 ^ 
R2 

2) H 2 , Pd/C 

(4) Synthesis of Third Component Piece 3(a4^ 

Third modular component piece 3(a4) is made in the same manner as 
5 3fa3), except POC(0)CH(R2)S" is added in place of the ally! alcohol, and the resulting 
ester is hydrolysed to yield 3(a4V 

(5) Synthesis of Third Component Piece 3b 

Third modular component piece 3b is made in the same manner as 3(a3\ 
10 except an ester of proline is added in place of the allyl alcohol, and the resulting ester is 
hydrolysed to yield 3fbY 

(6) Synthesis of Third Component Piece 3 c 

Third component piece 3c may be prepared by the method as generally 
15 described in Hart and Hu (Chem. Rev. 89:1447, 1990). The synthesis of 3c is presented 
schematically below. 
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Briefly, the imine product of the condensation of the a-amino group of a amino acid 
benzyl ester with the carbonyl group of an N-BOC protected aldehyde derived from an 
5 a-amino acid was treated with the enolate of methyl isobutyrate to yield a 4,4-dimethyl- 
2-azetidinone derivative. Hydrogenolysis of the benzyl protecting group provides third 
component piece 3c where P is a BOC protecting group and Z is methyl. 

Alternatively, treatment of the imine above with the enolate of methyl 
acetate followed by hydrogenolysis provides third component piece 3c where Z is 
10 hydrogen. 

Example 2 

The Coupling of First Second and/or Third Component Pieces 

15 The coupling of the component pieces to produce the reverse-turn 

mimetics of the present invention generally involve the formation of amide bonds. The 
amide bonds which link the pieces may be formed by standard synthetic peptide 
techniques and may be performed by either liquid or solid phase synthesis. 

Typically, in the solid phase synthesis of a peptide containing a 

20 conformationally constrained reverse-turn mimetic, the first component piece is 
incorporated into the peptide sequence at a specific point in the synthesis. Once the first 
component piece is incorporated, the synthesis of the remainder of the mimetic turn 
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follows. For example, for a conformationally constrained beta-turn mimetic, the turn is 
synthesized by subsequent coupling of a second and a third component piece, followed 
by cyclization of the first component piece to the third component piece. The remainder 
of the peptide may then be synthesized by further elongation of the peptide chain via 
5 continued step-wise coupling of the remaining amino acids. 



A. Representative Coupling of First and Second Component Pieces 

The coupling of the first and second component pieces provides a 
combined first-second intermediate. Three different combined first-second intermediate 
10 species may be formed by coupling the first component piece 1 with second component 
pieces 2a, 2b or 2c. The coupling products, identified as l-2a. l-2b, and l-2c, are 
shown below. 




ir2b l-2c 

In the above representation, P is BOC and P* is FMOC. 

The coupling of the first and second component pieces may be 
accomplished by a silicon mediated acid fluoride coupling. In this coupling procedure, 
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solid phase immobilized 1 is converted to the corresponding N-trimethylsilyl derivative 
(la below) by treatment with 5 equivalents of bis(trimethylsilyl)acetamide. 




P-X-N 

^Si(CH 3 ) 3 

la 

5 

Reaction of either of the acid fluorides of 2a-2c with N-silyl derivative La yields 
combined first-second intermediate l-2a. l-2b. or l-2c. respectively. The acid fluorides 
of 2a-2c may be readily prepared from the corresponding carboxylic acids by cyanuric 
fluoride treatment according to general method as described by Carpino and Han (L 
Amer. Chem. Soc . 112:9651-52, 1990). Alternatively, the first and second molecular 
component pieces may be coupled using HATU (0-(7-azabenzotriazol-l-yl)-l, 1,3,3- 
tetramethyl uronium hexafluorophosphate) as disclosed by Angell etal. (Tett. Lett. 
35:5981-85, 1994). 

(1) Peptide Coupling with N-FMOC Protected Amino Acids 
The general silicon mediated acid fluoride peptide coupling procedure 
described above may be utilized to couple N-protected amino acid fluorides (such as 2a 
or 2b) with N-silyl peptides (such as la). For peptide synthesis in the liquid phase, N- 
protected amino acid fluorides are coupled to carboxy protected N-silyl amino acids. 
The silicon mediated acid fluoride coupling method represents an advancement over 
traditional amide forming reactions which employ coupling agents such as carbodiimides 
or mixed anhydride reagents. These reagents activate the carboxyl group of an amino 
acid for coupling with the amino group of another amino acid. 

Despite the improvements and advantages that the silicon mediated add 
fluoride coupling offers, in some instances, peptide bond formation remains difficult due 
Xo the steric interaction between the amino acid side chain of the N-silyl peptide and the 
traditional bulky N-FMOC (fluorenylmethoxycarbonyl) protecting group of the incoming 
carboxy activated amino acid. In fact, reaction rates for the coupling of amino acids 
with relatively bulky side chains (such as histidine, phenylalanine, tryptophan, tyrosine, 
arginine, leucine, isoleucine, glutamine, asparagine, aspartic add, glutamic add and 
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threonine) are significantly less compared with those amino acids having relatively less 
sterically demanding side chains such as glycine, alanine, and serine in coupling reactions 
which utilize N-FMOC protected amino acids. 

Peptide bond formation with secondary amines such as la is also more 
5 difficult for steric reasons. The additional amino substituted significantly increases the 
steric hinderance of the amine group and diminishes its nucleophilicity (ability to form 
peptide bond with a carboxy derivative). The diminution of reactivity is manifested in 
slow reaction rates. This difficulty in peptide coupling is especially true in reactions with 
N-FMOC protected amino acids. 



(2) Peptide Coupling with Azido Acid Fluorides 
The steric problems associated with peptide coupling of bulky N-FMOC 
protected amino acid fluorides can be eliminated by the use of the corresponding azido 
acid fluorides. In contrast to the FMOC group, the azido group is a small (3 nitrogen 
atoms), linear substituent. The a-amino group of an amino acid in the former acid 
fluorides are simply protected by a group (FMOC) which prevents interference in the 
peptide coupling reaction. Once coupled, the protecting group is removed ' and 
subsequent couplings performed. In contrast, in azido acid fluorides, the a-amino group 
of an amino acid has been transformed to an azido group (N3). After coupling with the 
azido acid fluoride, the azido group may be directly activated for subsequent couplings. 
The overall result for either acid fluoride reagent is peptide bond formation. However, 
the azido acid fluoride reagent does not suffer from the problems of steric inhibition of 
peptide bond formation associated with N-FMOC protected amino acids. 

Accordingly, azido acid fluorides are the reagents of choice for sterically 
demanding peptide bond formation. These couplings include reactions of amino acids 
with sterically bulky side chain moieties and amide bond formation with secondary 
a min es. The structures of these acid fluorides is shown below (R represents an amino 
acid side chain moiety or derivative thereof). 




N-FMOC Protected Acid Fluoride Azido Acid Flouride 
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The azido acid fluorides may be prepared from their corresponding azido acids, and the 
azido acids may be readily synthesized from the corresponding amino acids, by standard 
methods as disclosed above. 
5 As mentioned above, unlike N-protected amino acid derivatives which 

must be deprotected prior to subsequent coupling, azido acids may be directly activated 
for peptide coupling with a subsequent amino acid. Treatment of the azido peptide with 
triphenyl phosphine generates a phosphine imine which, upon reaction with an amino 
acid or a second or third component piece of the present invention yields a peptide bond 
10 and the corresponding chain lengthened peptide. The process is generally illustrated 
below where R is an amino acid side chain moiety: 




The azido acid fluoride peptide coupling method described above has 
utility in peptide coupling in general and, more specifically, in the practice of the present 
invention. This method is further illustrated for coupling of the modular component 
pieces of the present invention in sections C, D, and E below. 



(3) Peptide C oupling of Hindered Secondary Amines 

In coupling the first and second component pieces, synthesis of 

intermediates of the type hi (Le., N-acylated tertiary amides) may be accomplished by 

the following reaction scheme: 
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-C X 

P— NH— < 



,NHP' 

P-X-N | *" P-X- 

H R3 




For example, when X is -NHC(CH 3 )2CH2-, synthesis of the following 
intermediate of the type l-2a may be accomplished as follows: 

5 

l)CSj 

R4 



HO2C 



OH )l~R4 (+) W -^V NHP ' or P'*^"^/ ' 

R Curtius P'— NH — I 



or Hoffman Rearrangement r3 



where W is an activated ester such as F, / or R *"^ 0 ^ . 

10 B. Representative Coupling of First and Third Component Pieces 

The coupling of the first modular component and third modular 
component pieces provides a combined first-third intermediate. Six different combined 
first-third intermediate spedes may be formed as result of the coupling of first 
component piece i with either third component piece 3falV 3(a2V 3(a3\ 3(a4\ 3b. or 

15 3c. The coupling products, identified as l-3fal\ l-3(a2V l-3fa3V l-3(a4V l-3(bV and 
l-3(cV are shown below: 
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l-3fa4^ 1-3^ I -Hz) 



5 In the above representation, P is a protective group suitable for use in peptide synthesis, 
X is a linker as described in Example 1, and R 1 , R 2 , R 3 and R* represent an amino acid 
side chain moiety. 

The coupling of the first and third component pieces is accomplished by 
the silicon mediated acid fluoride method as described in section A above via N-silyl 
10 derivative la. The combined first-third intermediates are precursors for 
conformationally constrained gamma-turn mimetic synthesis. 
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C. Representative Coupling of a Combined First-Second Comp onent I ntermediate 
with a Third Component Piece 

The coupling of a combined first-second intermediate with a third 
modular component piece provides a combined first-second-third intermediate. Eighteen 
5 different combined first-second-third intermediate species may be formed as result of 
coupling each of the three first-second intermediates l-2(a\ l-2(b\ or l-2fc^ with each 
of the six third component pieces 3(aV3(cV The products of coupling ?-?(a) with 3j[a> 
3(c\ a representative set of first-second-third intermediate coupling products, identified 
as l-2(aV3(alV l-2(aV3(a21 l-2faV3(a3>. l-2faV3fa4\ l-2(a)-3(b\ and !-2faV3fcY 
10 are shown below: 




l-2(aV3(an !-2faV3fa2> 




15 



l-2(aV3fa3> 



l-2(aV3fa4> 
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P-NH 



l-2faV3fb) 




10 



15 



In the above structures, P is a protective group suitable for use in peptide 
synthesis, X is a linker as described in Example 1, Z is either hydrogen or methyl, and R 
represents an amino acid side chain moiety. The remaining ten first-second-third 
intermediates, formed from coupling of 1-2(V) and I -2(c) with 3<aV3fc\ would have 
structures analogous to those represented above. 

For couplings involving l-2fb> derivatives, the coupling of a combined 
first-second intermediate with a third component piece may be accomplished by 
traditional peptide coupling techniques such as those performed on automated peptide 
synthesizers. Briefly, the steps include N-deprotection of the combined first-second 
intermediate, addition and caiboxyl group activation of the third component piece which 
results in peptide bond formation and coupling. 

Alternatively, for couplings which involve \-2(c) derivatives, the 
couplings are readily achieved via triphenyl phosphine activation as described above in 
section A(2). 

The combined first-second-third intermediates are precursors required for 
conformational^ constrained beta-turn mimetic synthesis. 



20 



25 



D - Representative Coupl ing of a Combined First-Second Component Intermediate 
with a Second Component Piece 

The coupling of a combined first-second intermediate with a second 
modular component piece provides a combined first-second-second intermediate. Nine 
diflFerent combined first-second-second intermediate species may be formed as result of 
the coupling each of the three first-second intermediates l-2(aV l-2fbV or l-2fc^ with 
each of the three second component pieces 2(aV2fc\ The products of coupling l-2(a) 
with 2(aV2(cV a representative set of first-second-second intermediate coupling 
products, identified as l-2(aV2faY l-2(aV2fhl and l-2(aV2fcV are shown below: 
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l-2 ( a ) -2 ( c ) 

In the above representation, P is a protective group suitable for use in peptide synthesis, 
S X is a linker as described in Example 1, and R represents an amino add side chain 
moiety. The remaining first-second-second-third intermediates, formed from coupling of 
l-2(b) and I -2(c) with 2(aV2(c\ would have structures analogous to those represented 
above. 

The coupling of a combined first-second intermediate with a second 
10 component piece may be accomplished by the peptide coupling techniques described in 
C above. 

E. Representative Coupling of a Combined First-Second-Second Component 
Intermediate with a Third Component Piece 
15 The coupling of a combined first-second-second intermediate with a third 

modular component piece provides a combined first-second-second-third intermediate. 
Forty-five different combined first-second-second-third intermediate species may be 
formed as result of the coupling each of the nine first-second-second intermediates 
?faV2faV l-2(aV2(b\ !-2faV2rcV l-2fbV2<aV !-2fbV2(bV l-2fl>V2(cV l-2fcV2(a\ U 
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2(c)-2fb), and U2(c)-2(c\ with each of the five third component pieces 3(a) - 3(cY The 
products of coupling l-2faV2(V> with 3falV a representative species of first-second- 
second-third intermediate coupling products, identified as l-2{V>-2faV3fal) is shown 
below: 




!-2faV2faV3fan 



In the above representation, P is a protective group suitable for use in peptide synthesis, 
X is a linker as described in Example 1, and R represents an amino acid side chain 
moiety. The re mainin g first-second-second-third intermediates, would have structures 
"analogous to those represented above. 

The coupling of a combined first-second-second intermediate with a third 
component piece may be accomplished by the peptide coupling techniques described in 
C above. 

The combined first-second-second-third intermediates are precursors 
required for conformationally constrained beta-bulge mimetic synthesis. 



Example 3 

Cvcliz ation of Combined Component Pieces to 
Form Co nformationally Constrained Reverse-Turn MSmetics 

The cyclization of the first and third modular component pieces through 
covalent coupling of linking group X of the first component piece with the carbonyl 
carbon of the azetidinone group of the third component piece yields the conformationally 
constrained reverse-turn mimetics of the present invention. The presence of component 
pieces between the first and third component pieces determines the nature of the 
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conformationally constrained reverse-turn mimetic (i.e., beta-turn, gamma-turn or beta- 
bulge mimetic). 

Cyclization of the first component piece to the third component piece 
involves removal of protecting group P from linking group X of the first component 
5 piece. As described in Example 1A, P is an amino protective group, typically a BOC 
group. Therefore, treatment of the combined intermediate with TFA in CH2CI2 and 
subsequent neutralization with DIPEA removes the protecting group and provides 
linking group X, which bears a nucleophilic nitrogen. Depending upon the nature of X, 
the nucleophilic nitrogen is either a hydrazine, Example 1A(1), or an amine, Example 
10 lA(2)(a-d). 

The nucleophilic hydrazine or amine of the first component piece results 
in facile cyclization to the hydrazide or amide, respectively. The ease of cyclization is 
due to the proximity and the electrophilic nature of the azetidinone carbonyl of the third 
component piece. 

15 

A. Representative Conformationally Constrained Beta-Turn: Cyclization of a 
Combined First-Second-Third Modular Component 

N-deprotection and cyclization of the first-second-third combined 
intermediate provides the beta-turn mimetic. The combined intermediate may be any one 
20 of those described above in Example 2C. For example, aqueous acid treatment of 1- 
2faV3fal\ for a species where X = -NH-, results in cyclization to the conformationally 
constrained beta-turn mimetic shown below: 



P 




25 l-2fa>3fan 

The cyclization depicted above is representative for all beta-turn mimetic cyclizations of 
the present invention. 
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B. Representative Confoimationallv Constrained Gamma-TuniMimetic: Cvclization 
of a Combined First-Third Modular Component 

N-deprotection and cyclization of a first-third combined intermediate 
provides the gamma-turn mimetic. The combined intermediate may be any one of those 
5 described above in Example 2B. For example, aqueous acid treatment of l-3falV for a 
species where X = -NH-, results in cyclization to the confonnationally constrained 
gamma-turn mimetic shown below: 




10 l-3fan 

The cyclization depicted above is representative for all gamma-turn mimetic cyclizations 
of the present invention. 

15 C. Representative Conformationallv Constrained Beta-Bulge Mimetic: 

Cvclization of a Combined First-Second-Second-Third Modular Component 

N-deprotection and cyclization of a first-second-second-third combined 
intermediate provides the beta-bulge mimetic. The combined intermediate may be any 
one of those described above in Example 2E. For example, TFA/CH2CI2 treatment and 
20 neutralization of l-2(aV2faV3fal\ for a species where X = -NH-, results in cyclization 
to the confonnationally constrained beta-bulge mimetic shown below. 
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l-2(aV2(aV3(an 



The cyclization depicted above is representative for all beta-bulge mimetic cyclizations 
5 of the present invention. 

Example 4 

Synthesis of a C onformationallv Constrained Reverse-Turn 
Which Mi mics an Antigenic Determinant of HIV Virus 

10 This example presents the synthesis of a conformationally constrained 

reverse-turn which mimics an antigenic determinant of HIV. In this example, the 
reverse-turn is a beta-turn mimetic to the V3 loop conformation of amino acids 306 to 
317 of gpl20 (i.e., RKRIHIGPGRAF) which contains the IGPG-tum. The beta-turn 
mimetic is prepared by cyclization of a combined first-second-third modular component 

15 where the individual components are determined by the peptide sequence of the 
antigenic determinant of the virus. Accordingly, the specific combined first-second-third 
modular component contains a first component piece 1 wherein R 4 is hydrogen, X is 
-NH-, and P is BOC; a second component piece 2(b) wherein P is an EMOC or other 
suitable amine protecting group; and a third component piece 3fan where R 2 is 

20 hydrogen, R* is the isoleucine side chain (-CH(CH 3 )CH2CH3), and P is an FMOC or a 
suitable amine protecting group. 

The combined first-second-third modular component as described above 
may be prepared as generally described in Examples 1 through 3 above. Specifically, 
first component piece 1 (R 4 =H, X—NH-, P=BOC) may be prepared according to the 

25 synthesis described in Example 1A(1) utilizing glycine as the starting material. 
Hydrolysis of the resulting methyl ester to the corresponding acid yields first component 
piece I (R 4 =H, X— NH-, P=BOC) which is ready for peptide coupling. First component 
piece 1 may be directly coupled to an amino group of another peptide, such as one 
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immobilized on a solid support by standard techniques (e.g., the N-terminal amino acid 
of a peptide immobilized on a solid-phase in traditional peptide synthesis). Second 
component piece 2(b\ an N-protected proline derivative such as N-FMOC proline 
(commercially available) may then be coupled to first component piece 1 (now the N- 
5 terminus of the peptide immobilized on solid-phase) as described in Example 2A(1) to 
yield a solid^phase immobilized combined first-second modular component I -2(b) 
(R^H, X=-NH-, P=BOC, P'=FMOC). Third component piece 3£c) (R 2 =H, 
R 1= -CH(CH3)CH2CH3, Z=H, and P=BOC) may be prepared according to the synthesis 
described in Example 1C(5), utilizing glycine, isoleucine, and methyl acetate as starting 

10 materials. This third component piece 3fc"> may be directly coupled to the N-terminus of 
solid-phase immobilized combined first-second modular component l-2fb> by standard 
peptide coupling techniques as described in Example 2(C) to yield a solid-phase 
immobilized combined first-second-third modular component l-2fbV3fc) (R4=H> 
X=-NH-, P=BOC, R 2 =H, Rl=-CH(CH 3 )CH 2 CH3, Z=H, P^FMOC). Treatment of 

15 solid-phase immobilized l-2(bV3to with aqueous acid (as described in Example 3 A) 
effects cyclization to a conformationally constrained beta-turn mimetic (R 4s =H, X=-NH-, 
R 2 =H, Rl«-CH(CH3)CH 2 CH3, Z=H, P=FMOC), IGPG-tum, immobilized on a solid- 
phase. Alternatively, the above-described synthesis may be carried out in solution phase 
(i.e., without solid-phase immobilization as is employed in automated peptide synthesis) 

20 by the reactions described above and standard synthetic organic techniques. 

At this stage, the beta-turn mimetic may be either cleaved from the solid 
phase or additional amino acids may be coupled to the beta-turn mimetic by standard 
solid-phase peptide synthetic techniques (see Example 5 below which describe the 
syntheses of peptide vaccines based on immobilized beta-turn mimetics). 

25 

Example 5 
Synthesis of a Peptide Vaccine to HIV 
The synthesis of a peptide vaccine to HIV is disclosed in this example. In 
particular, the reverse-turn mimetic of this example corresponds to the peptide sequence 
30 RKEJfflQGPGRAF having a conformationally constrained beta-turn substituted for the 
IGPG-turn The cleavable linker in this example is the sequence FYLKRKR, and the T 
cell stimulating peptide ^ the sequence GPKEPFRDYVDRFY. The HTV vaccine of the 
present invention may be synthesized by automated solid-phase peptide synthetic 
methods using standard peptide reagents and component pieces of this invention. 
35 The synthesis of the vaccine begins with the selection of a phenylalanine 

immobilized solid-phase to which amino acids will be subsequently and sequentially 
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coupled. The first amino acid to be coupled to the solid phase is alanine which is 
followed by arginine. At this stage in the synthesis, the solid-phase bears an immobilized 
tripeptide (FAR) with an arginine N-terminus. Referring to the vaccine sequence 
identified above, incorporation of the beta-turn mimetic follows. The beta-turn (i.e., 
5 GPGI) is accomplished in a stepwise manner as described above in Example 4 to yield a 
heptapeptide (FARGPGI) immobilized on the solid-phase. The extension of the peptide 
chain of the vaccine continues by coupling the remaining amino acids to yield the peptide 
sequence of the virus 1 antigenic determinant (i.e., by the sequential addition of the amino 
acids H,I,R,K,R) to provide the immobilized dodecapeptide (FARGPGIHIRKR). The 

10 addition of amino adds to provide a suitable cleavable linker follows (i.e., the addition of 
amino acids K and L) to yield immobilized FARGPGIHIRKRKL. The sequential 
addition of the remaining amino acids of the vaccine corresponding to the T cell 
stimulatory peptide to the immobilized peptide completes the coupling stage of the 
synthesis. Release of the peptide from the solid phase yields the vaccine. Alternatively, 

15 and in a preferred embodiment, rather than performing the entire synthesis on a solid 
phase support, the conformational^ constrained reverse-tum mimetic is made in 
solution. The peptide sequences attached to the C- and N-terminus thereof are 
synthesized on the solid support, removed from the solid support, and coupled in 
solution to the conformationally constrained reverse-tum mimetic by known coupling 

20 techniques. 



Example 6 
Activity of Peptide Vaccine to HIV 
The immunogenicity of the peptide vaccines of this invention may 
25 generally be determined for HIV as follows. Antisera is raised in guinea pigs by 
immunization with the peptide vaccine of Example 5 (t.e., 

GPKEPFRDYVDRFYLKRKRIHIGPGRAF, where linker X of the reverse-turn is 
-NHC(CH 3 >2CH2-) in various adjuvants including alum and EPA (incomplete Freund's 
adjuvant), at a dosage of 50 ^g per injection. Animals are periodically bled and 

30 reboosted (lx) during a period of two months in order to follow immunologic memory. 
The ability of antisera raised against the peptide vaccine to elicit anti-VS^ specific 
antibodies, as well as antibodies cross-reactive with the V3 regions of other HIV-1 
isolates, are determined by ELISA techniques using a panel of four linear V3 peptides as 
the target antigens. ELISA measurements were also performed against gpl20 and/or 

35 gp!60 as the target antigen. Functional activities of antisera raised against the peptide 
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vaccine are determined by in vitro virus neutralization and syncytia inhibition assays 
using a series of HIV- 1 isolates. 

The results of this experiment are presented in Table 3 below. In 
particular, these results show very high and specific anti-titre against gpl20 (i.e., about 
5 50-fold greater than linear control in ALUM). 



Table 3 

Reactivity of Guinea Pig Sera 





PEPTIDE SPECIFIC TTTRE 


Antisera Against 


gpl20(MN) 


CLTB-PRI 


P24E-FRE 


p24E-1714 


CL1B-106 


p24E 


TestVaocineflFA 


48.600 


2,700 


24300 


8,100 


8.100 


900 


TestVaorine/ALUM 


48,600 


900 


24300 


8,100 


900 


300 


CLTB-108/IFA 


12.150 


8,100 


8.100 


8.100 


8,100 


Z700 


CLTB-1 08/ALUM 


900 


100 


100 


100 


300 


100 


CLTO-106: -NKRKRIHIGPGRAF (MM) 

CLTB-PRI: p24-KTRKSIPIGPGRAFYTTG (New York/Amsterdam Consensus) 
p24E-FRE: P24E-NTRKSMIGPGRAFYTTGEIIG (French Consensus) 
P24E-17 14: p24E-NTRKRIHMGPGRAFV ATGDIIG (U.S. Clinical) 



Example 7 

Synthesis of a Peptide Vaccine tn I nfluenza 

In this example, the synthesis of a peptide vaccine to influenza is 
disclosed. The peptide vaccine contains a conformationally constrained reverse-turn 
which mimics an antigenic determinant of the influenza virus. Specifically, the reverse- 
turn is a beta-turn mimetic to the hemagluttinin (HA) loop conformation of amino acids 
140 to 146 (Le., KRGPGSG) which contains the RGPG-tum. As mentioned above, the 
hemagglutinin surface protein of influenza virus has been shown by X-ray 
crystallography to contain the RGPG-tun (Wilson et aL, Nature 289:368-373. 1981). 
Therefore, a beta-turn mimetic of this invention is prepared by cyclization of a combined 
first-second-third modular component where the individual components are determined 
by the peptide sequence of the antigenic determinant of the influenza virus. 

For example, the beta-turn mimetic for the RGPG-tum, may be 
synthesized in the same manner as described above in Example 4. The only difference in 
the two syntheses is that the third component piece required for the beta-turn RGPG 
mimetic is 3fal) wherein R 2 is hydrogen, Rl is the arginine side chain 
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(-(CH2)3NHC(NH)NH2), and P is an FMOC or other suitable amine protecting group. 
The third component piece 3(al> may be prepared as described in Example 1C(1). 
Accordingly, the beta-turn mimetic for the RGPG-turn may be prepared as described in 
Example 4 utilizing third component piece 3a (R 1 — (CH2)3NHC(NH)NH2, R 2 =H, 
5 P=FMOC). 

In addition to the RGPG-turn, NMR studies have also indicated the 
presence of a "back-shifted" GPGS-turn (Kieffer et al., J. Biomolecular NMR 3:91-112, 
1993). Accordingly, beta-tum mimetics are synthesized for the GPGS-turn in the same 
manner as described above for the RGPG-turn. 
10 More specifically, the following beta-turns which mimic the RGPG-turn 

are prepared by the methods disclosed herein: 




15 where X is selected from -NH- (10-membercd ring), -NHCH2CH2- (12-membered 
ring), -NHC(CH 3 ) 2 CH2- (12-membered ring), -NHC(CH 3 )2CH2CH2CH2- (14- 
membered ring), and -NHC(CH3 )2CH=CHCH2- (14-membered ring). 

In addition, beta-turns which mimic the GPGS-turn are prepared in the 
same manner - that is, conformational^ constrained beta-turns of structure 1(a) above 

20 are synthesized, where R 1 = R 3 = -H, R 4 = -CH2OH, and X is as disclosed above for 
the RGPG-turn mimetic. 

Once the above family of conformationally constrained reverse-turn 
mimetics are made, they are assayed using known techniques to determine which 
construct or constructs most closely mimics the site A loop of influenza (see, e.g., 

25 Muller et al., Vaccine 8:308-314, 1990; Schulze-Gahmen et al M Eur. J. Biochem. 
159:283-289, 1986; Satterthwait et al., Phil. Trans. R. Soc. Lond. B232 :565-572. 1989; 
Jemmerson et al., J. Immunol. 20:579-585, 1990) (which references are hereby 
incorporated by reference in their entirety). 
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Having identified one or more confonnationally constrained reverse-turn 
niimetics by the above procedures, a suitable T cell stimulatory peptide is then covalently 
joined to either the N-tenninus or the C-terminus (or both terminuses) of the 
confonnationally constrained reverse-turn mimetic via a cleavable linker using known 
5 techniques to yield the peptide vaccine of this invention. With regard to suitable T cell 
stimulatory peptides, Rothbard and Taylor fEMBO J. 7:93, 1988) have previously 
reported a helper T cell epitope for influenza, and the T cell stimulatory peptide derived 
from residues 17-31 of the influenza matrix protein (i.e., SGPLKAEIAQRLEDV) is 
recognized by human cytotoxic T cells (CTL) in association with the MHC class I 
10 > molecule HLA-A2 (Gotch et al., Nature 326:881. 1987). Other suitable T cell 
stimulatory peptides included those disclosed by DiBrino et al., J.' Immunol 151:5930- 
5935, 1993): NP 44-52 CTELKLSDY; PB1 591-599 VSDGGPNLY; and NP 265-273 
ELRGSVAHK. 

15 Example 8 

Activity of Peptide Vaccine to Influenza 
The immunogenicity of the peptide vaccines of this invention for the 
influenza virus, including the peptide vaccines of Example 7 above, may generally be 
determined by employing one or more of the following assays: (1) competition ELISA 

20 with a rabbit hyperimmune anti-HA serum and a panel of anti-site A monoclonal 
antibodies using plates coated with influenza virus strain X-31; (2) decrease in the 
inhibition of virus-mediated hemagglutination of chick erythrocytes by rabbit 
hyperimmune anti-HA serum and anti-site A monoclonal antibodies; or (3) inhibition of 
viral proliferation in MDCK (dog kidney) cells. Such techniques are know to those 

25 skilled in this art, and are generally described in Muller et al., Vaccine 8:308-314, 1990 
(incorporated herein by reference). The ability of the peptide vaccines of this invention 
to protect mice against challenge with a mouse-adapted X31 virus strain may be 
determined by immunization in complete (primary) and incomplete (boost) Freund's 
adjuvant. 

30 

From the foregoing, it will be appreciated that, although specific embodiments of 
this invention have been described herein for purposes of illustration, various 
modifications may be made without deviating from the spirit and scope of the invention. 
Accordingly, the invention is not limited except by the appended claims. 
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Claims 

1. A compound comprising a confonnationally constrained beta-turn 
mimetic having a C-terminus and an N-terminus, a T cell stimulatory peptide, and a 
cleavable linker covalently joining at least the C-terminus or the N-terminus of the 
confonnationally constrained beta-turn mimetic to the T cell stimulatory peptide, 
wherein said confonnationally constrained beta-turn mimetic is capable of binding to a B 
cell and said T cell stimulating peptide is capable of inducing T cell activity when 
presented on the surface of the B cell following cleavage of the cleavable linker, and 
wherein the confonnationally constrained beta-turn mimetic has the following structure: 




where R 1 , R 2 , R 3 and R 4 are amino acid side chain moieties, X is selected from the 
chemical moieties identified in Table 1, Y is selected from -CH2-, -NZ-, -O- and -S-, Z is 
selected from -H and -CH3, A is hydrogen or an amino acid, and B is hydroxyl or an 
amino acid, and at least A or B is an amino acid covalently joined to the T cell 
stimulating peptide by the cleavable linker. 

2. • A compound comprising a confonnationally constrained gamma- 
turn mimetic having a C-terminus and an N-terminus, a T cell stimulatory peptide, and a 
cleavable linker covalently joining either the C-terminus or the N-terminus of the 
confonnationally constrained gamma-turn mimetic to the T cell stimulatory peptide, 
wherein said confonnationally constrained gamma-turn mimetic is capable of binding to 
a B cell and said T cell stimulating peptide is capable of inducing T cell activity when 
presented on the surface of the B cell following cleavage of the cleavable linker, and 
wherein the confonnationally constrained gamma-turn mimetic has the following 
structure: 
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where R 1 , R 2 and R 4 are amino acid side chain moieties, X is selected from the chemical 
( moieties identified in Table 1, Y is selected from -CH2-, -NZ-, -O- and -S-, Z is selected 

from -H and -CH3, A is hydrogen or an amino acid, and B is hydroxyl or an amino acid, 
and at least A or B is an amino acid covalently joined to the T cell stimulating peptide by 
the cleavable linker. 

3. A compound comprising a confonnationally constrained beta- 
bulge mimetic having a C-terminus and an N-tenninus, a T cell stimulatory peptide, and 
a cleavable linker covalently joining either the C-tenninus or the N-terminus of the 
confonnationally constrained beta-bulge mimetic to the T cell stimulatoiy peptide, 
wherein said confonnationally constrained beta-bulge mimetic is capable of binding to a 
B cell and said T cell stimulating peptide is capable of inducing T cell activity when 
presented on the surface of the B cell following cleavage of the cleavable linker, and 
wherein the confonnationally constrained beta-bulge mimetic has the following 
t structure: 
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where R 1 , R 2 , R 3 , R 3 ' and R 4 are amino acid side chain moieties, X is selected from the 
chemical moieties identified in Table 1, Y is selected from -0*2-, -NZ-, -O- and -S-, Z is 
selected from -H and -CH3, A is hydrogen or an amino acid, and B is hydroxyl or an 
amino acid, and at least A or B is an amino acid covalently joined to the T cell 
stimulating peptide by the cleavable linker. 

4. The compound of any one of claims 1-3 wherein the T cell 
stimulatory peptide is capable of induces helper T cell activity when presented on the 
surface of the B cell in association with a class II MHC molecule. 

5. The compound of claim 4 wherein T cell stimulating peptide 
comprises the amino acid sequence for p24E. 

6. The compound of any one of claims 1-3 wherein the cleavable 
linker is cleavable by Cathepsin D, B or E. 

7. The compound of claim 7 wherein the cleavable linker comprises 
the amino acid sequence FYLKRKR 

8. A method for invoking an immune response in a warm-blooded 
a nimal, comprising administering to the animal a therapeutically effective amount of a 
compound of any one of claims 1-3. 

9. Use of a compound of any one of claims 1-3 for diagnostic 

purposes. 

10. Use of a compound of any one of claims 1-3 for purification 

purposes. 
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